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FOLIAR APPLICATION OF UREA TO POTATOES! 


E. Francis Button? anp ArtTHUR HAWKINS® 


There has been considerable interest in recent years in foliar applica- 
tion of urea as a means of supplying part of the nitrogen for potatoes. 
Studies in several states (2)4, (4), (5). (7) have demonstrated the 
response of potatoes to foliar applications of urea; but only in the Maine 
(7) and Rhode Island (6) experiments were comparisons made of apply- 
ing the same amount of additional nitrogen by other methods. 

The purpose of the investigation reported here was to determine the 
effect of foliar applications of urea as a means of supplying part of the 
nitrogen for potatoes under Connecticut conditions on the quantity and 
quality of the tubers produced and on the nitrogen content of the leaflets. 

Since it is customary to spray potatoes weekly for insect and disease 
control, and since urea can be included in the spray mixture, the only 
cost is for the material. This study was designed to compare the efficiency 
of supplying part of the nitrogen as urea in weekly foliar applications as 
compared with other methods of supplying part of the nitrogen. 


MATERIALS AND METHODS 


Experiments were conducted on two commercial potato farms in the 
Connecticut River Valley in both 1954 and 1955 on fields which had a 
history of continuous cultivation for many years and which had been in 
potatoes the previous two years. 

The soil on Farm A is classified as Enfield very fine sandy loam and 
on Farm B as Enfield silt loam. The analyses of the soil from both loca- 
tions, as determined by a modified Morgan Method (3), were comparable 
and typical of potato soils in the Connecticut River Valley. Soil from both 
locations, obtained prior to lime applications in May 1954, were pH 4.8 
to 4.9; the readily available nutrients were medium to medium high in 
nitrate nitrogen; very low in calcium; medium in magnesium; high in 
phosphorus; and medium in potassium. Samples obtained in May 1955 
ranged from pH 5.0 to 5.2 and were very low in nitrate nitrogen. 

Katahdin potatoes were planted in plots 4 or 6 rows wide, with 2 
or 4 rows for harvest, and 28 or 44 feet long in experiments 1 and 2 
respectively, in 1954, and 40 feet long in 1955. The plots were replicated 
six times in a Latin Square design. Two feet at the ends of each plot 
were discarded at harvest time. 

All plots received a uniform side-band application at planting time 
of 180 to 200 pounds per acre each of P2O; and K2O, and 30 pounds per 
acre of water soluble MgO. The source of potash was subplotted, one-half 
of the rows received KCI and the other rows K2SO,. The source of potash 
had no significant interaction effect on the nitrogen treatments. 


1Accepted for publication Oct. 30, 1957. 

Contribution from Agronomy Section of Storrs Agricultural Experiment Station, 
Storrs, Conn. 

2Formerly Research Assistant in Agronomy, University of Conn.; presently Agrono- 
mist, Connecticut State Highway Dept., Portland, Conn. 
3Agronomist, Storrs Agricultural Experiment Station, Storrs, Conn. 

4Numbers in parenthesis refer to the literature cited. 
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_ The amount of nitrogen applied in the row at planting time varied 
with the treatment. In all cases the row application of nitrogen consisted 
of 20 pounds per acre from sulfate of ammonia, 10 pounds from castor 
pomace, and the balance from urea. The assisted-feed planter, equipped 
with an endless belt type of fertilizer attachment, applied quantities of 
fertilizer mixtures weighed out according to plot lengths, in the row side 
placement. 

Side-dressed treatments were applied by hand in bands about 2 to 
3 inches wide on each side of the row, about 4 to 6 inches from the center 
of the row when the plants were 10 to 12 inches high in 1954, and 8 to 
10 inches in 1955. Ammonium nitrate was the nitrogen source side-dressed 
on Farm A, whereas ammonium nitrate and urea were compared on Farm 
B in 1954. In 1955, urea was used for the side-dressed treatments on both 
farms. The broadcast applications of urea in 1955 were made by hand, 
prior to plowing on Farm B, and after plowing on Farm A. 


FotiaR APPLICATION OF UREA 

The foliar applications of urea were applied at weekly intervals in 
80 gallons of water per acre. In 1954, the first application was made when 
the plants began to fill the row and were nearly in full bloom. In 1955, 
the first foliar application for treatment 2 was applied when the potatoes 
started to fill the row and were in the late bud stage; applications for 
treatments 3 and 4 were started two and four weeks later, respectively. 

A portable sprayer was used, equipped with T-jet conical nozzles, and 
operated by compressed air at a constant pressure of 35 Ibs/sq. in. This 
apparatus was satisfactory for applying a measured volume of spray 
material to a given length of row. A long boom was used to eliminate travel 
within the inner four rows of the 6 row plots. 


LEAFLET SAMPLING 


The 4th leaf below the growing tip was sampled from 24 representative 
plants from each replicate of the treatments sampled. In 1954, leaflets were 
sampled at weekly intervals at both locations with the exception of the 
last sampling which was delayed for two weeks. Farm A, as shown in 
table 4, was sampled one week earlier than Farm B. In 1955, leaflets were 
sampled at two week intervals. Leaflets from the earlier planted locations 
were sampled one week earlier than from the later planted plots, as shown 
in table 5. The leaves were washed in 0.1 NHCI, washed in running tap 
water, and rinsed in distilled water. The leaflets were stripped from the 
rachises, dried, ground through a 40 mesh screen, and stored in stoppered 
bottles. Samples were analyzed for total nitrogen (less nitrate nitrogen ) 
(1). The analyses of leaflets from the treatments sampled in 1954 are 
shown in table 4 and figure 1; and from the 1955 treatments in table 5 
and figure 2. 


TUBER QUALITY 
Samples of 10 to 14 representative tubers 2% inches to 3 inches 
in diameter were obtained from each replicate at harvest time. Specific 
gravity determinations made by the salt solution method are given in 
the tables of yields. Tubers were examined for hollow heart. 
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Tas_e |1.—Effect of applying additional nitrogen by foliar application and 
and by side-dressing on Katahdin potato yields— 
Experiment I1—Farm A, 1954. 


Nitrogen Applied!—Lbs. Per Acre 
Yield Specific 
In the Row? Side- - Foliar Total Gravity 
dressed* Spray? sus./Acre| of Tubers 
423 | 1.076 
495** 1.077 
1.077 
(6x5 Lbs. N) 
0 
545 
(9x6 Lbs. N) 
ov 
(8x7.5 Lbs. N) 
L.S.D. .05* 
C.V. = 4.39 per cent 
Side- 
plots 0 


1All plots received 200 pounds each of P.O; and KO and 30 pounds water soluble 
MgO per acre rate in row side-band placement at planting time. Planted May 13. 

“Source of Nitrogen in the Row: 10 pounds per acre from castor pomace, 20 pounds 
from sulfate of ammonia, 30 pounds from urea. 

*Side-dressed Nitrogen: Ammonia nitrate applied 6/15; plants were 10-12” high. 
‘Foliar Applications of Urea: Weekly applications of 5, 6 and 7.5 pounds of nitrogen 
per acre from urea for treatments 3, 5 and 6, respectively. First application on 7/8. 
5Only nine of the 10 planned foliar applications were made due to decline of the vines ; 

last application on 9/2. 


In 1954, these samples were used to determine the effects of various 
treatments upon after-cooking darkening. A longitudinally-cut quarter from 
vach of 8 tubers from each sample was thinly-peeled, dropped into boiling 
water in aluminum pans, boiled 20 minutes, removed from the pans, and 
then placed on white paper and the amount of darkening recorded after 
the tubers had been exposed to the air for one half hour. 


WEATHER AND GROWING CONDITIONS 


The temperature for the major portion of the growing season of 
1954 was relatively cool and very favorable for potatoes. However. heavy 
rainfalls brought by the hurricanes of August 31 and September 11 
undoubtedly caused considerable loss of available nitrogen by leaching 
and resulted in the rapid decline and untimely death of the vines at 
both locations. 

The growing season of 1955 was not favorable for potato production. 
The temperature during June, July, and August was abnormally high, 
and precipitation was below normal in June and July. Irrigation was 
inadequate since it was not applied until late July at both locations. Since 
this period (58 to 78 days after planting) coincides with the critical 
period of nitrogen absorption of the crop (3) optimum nitrogen up-take 
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TasBLe 2.—Effect of applying additional nitrogen by foliar applications 
and by side-dressing as compared to all the nitrogen band-placed 
at planting on Katahdin potato yields—Experiment 11—1954. 


Farm <A 


Nitrogen Applied'—Lbs. Per Acre Yield 
Specific Gravity 


In the Side- Foliar Total of Tubers 
Row? dressed* Spray* Bus./ Acre 
1. 9 | 0 | 0 0 | 484 1.075 
4 90 60 0 150 558** 1.076 
3. 90 | 0 60 150 511 1.076 
(8x7.5 Lbs. N) | 
4. 60 90 0 150 521 1.075 
5 60 0 605 1205 493 1.074 
(8x7.5 Lbs. N ) 
). 150 0 0 150 543 1.076 
L.S.D. .05* 39 
O1** 54 


’. = 63 per cent 


Farm B 


Inthe |  Side- Foliar Early Final | Early | Final 


Row? | dressed* Spray* Total Harvest Harvest Harvest) Harvest 
| | | 
1 90 0 0 | 90 | 586 593 | 1.075 | 1.076 
2. 90 60 0 | 150 645**| 674**| 1.076 | 1.076 
3. 90 | 0 60 150 639* 655**| 1.075 | 1.076 
(8x7.5 Lbs. N) | 
4 60 90 0 | 150 647**; =651* | 1.077 | 1.077 
5 60 0 9x7.55 127.55 | 604 577 1.075 | 1.074 
) 150 1.077 1.076 


Source of Nitrogen in the Row: 10 pounds per acre from castor pomace, 20 pounds 
from sulfate of ammonia, balance from urea. 
3Side-dressed Nitrogen: Ammonia nitrate applied on Farm A on June 15 when plants 
were 10-12” high; ammonia nitrate and urea on split plots on Farm B, June 21. 
4Weekly applications of 7.5 pounds N per acre from urea, first applications made on 
7/9 on Farm A; 7/12 on Farm B. 

5Due to the early decline of vines, only 8 of 12 planned applications for Treatment 
5 were made on Farm A, last application on 8/27; only 9 of 12 were made on 
Farm B, last on 9/2. 


was not possible until the substantial precipitation received during the 
first 10 days of August encouraged rapid, vigorous vine growth. Hurricane 
rains of August 11, 12, 13 totalling 5.02 inches, and a storm on the 
18th during which 4.77 inches were recorded before the rain gauge was 
damaged, resulted in the very rapid decline and early death of the vines 
at both locations, 


L.S.D. .05* 40 44 
.01** 54 60 
Cy. 5.26% 5.72% 
1See footnote 1, table 1. Farm A planted May 14; farm B planted May 20 
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Taste 3.—Effect of applying varying amounts of additional nitrogen by 
foliar application as compared to additional nitrogen side-dressed 
or broadcast on potato yields—1955. 


Farm <A 


Nitrogen Applied'—Lbs. Per Acre First Weekly re | 

Foli Yield 

*oliar 
In the Side- | Foliar | Total Application | . 
Row? | dressed | Spray* — Date 


Specific Gravity 
of Tubers 


Bus./ Acre 


0 | 90 5 1.058 
| 32 1.058 


105 | 5 2 1.059 


120 5 5 1.058 
| (4x7.5 Lbs 
120 30 S.D.% 1.059 
90 60 B.C.5 | | 35 1.060 
L.S.D. 
C.V. = 7 per cent 


In the Side- 


Differ-| Early 
Row? dressed 


Final 


Harvest|Harvest| ence |Harvest| Harvest 


90 421 444 23 1.057 
00 351 68 1.055 
(8x7.5 Lbs. N) 
105 4 7 376 86 1.053 
(6x7.5 
58 1.055 


30 S.D.3 0 50 | : 62 1.056 
60 B.C.5 44 | 1.056 


Sig. 1% 


CV. 
Sideplots (Adjoining test, same field) 
0 0 0 0 


'AIl plots received 180 pounds each of P,O; and KO, 30 pounds water soluble MgO 
per acre, in row side-band placement at planting time. Planted Farm A, May 18; 
Farm B, May 25. 
“Source of Nitrogen in the Row: 20 pounds per acre from sulfate of ammonia, 10 
pounds from castor pomace, and the balance from urea. 

’Side-dressed Nitrogen: Urea applied when plants were 8-10” high, June 23, Farm 
A; June 30, Farm B. : 
‘Foliar Application of Urea: Weekly applications of 7.5 pounds of N per acre from 
urea began for treatment 2 on 7/8 for Farm A, 7/14 on Farm B. Dates of first weekly 
application for treatment 3 and 4 as indicated. 
5Broadcast Nitrogen: Applied urea after plowing on May 18 on Farm A; before 
plowing on Farm B. 


| 
| 
| 
>? 
2 
3. 
4. 
| 
Farm B 
| 
| 1.058 
2. 1.054 
3. 1.056 
4. 1.059 
| | | 
j NS. NS. 
97% 84% 
’ 4 276 
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TasLe 4.—The effect of additional nitrogen applied in periodic foliar 
applications on the nitrogen content of Katahdin potato 
leaflets in 1954. 


Nitrogen Nitrogen Content of Leaflets Sampled Periodically 
Pounds per Acre Farm A! Farm B! 
In the Date Sampled? 

Row _| Foliar‘ 7/26 8/2 8/9 8/16 8/30 8/2 89 8/ 
Nitrogen® (Per cent Oven Dry Basis) 
90) 0 6.6 6.0 5.9 5.5 3.9 6.6 6.0 5. 


90 OR 65 6.4 6.3 4.9 70 O38 6.5 


Number of Weekly Foliar Applications of 7.5 Pounds N per Acre Applied Prior 
to Date Sampled? 
a 9) 60 | 3 4 5 6 8 | 4 5 6 8 


1Farms A and B planted May 14 and 20, respectively. 

“Leaflets sampled 5 to 6 days after foliar applications were made. 

%Results are averages of duplicate analyses of leaflet material from the potash subplots, 
reported on the oven dry basis, total _nitroge n except nitrates. 

4Eight weekly foliar applications of 7.5 pounds of nitrogen per acre from urea. 


TasLe 5.—The effect of varying amounts of foliar applied and side-dressed 
and broadcast supplemental nitrogen on the nitrogen 
content of potato leafetls—1955. 


Nitrogen Nitrogen Content of Leaflets Sampled Periodically 
Pounds per Acre Farm A! Farm B! 
In the Foliar* or Date Sampled? 
Row Other 7/26 8/9 8/23 9/6 8/2 816 8/30 9/12 
Nitrogen® (Per cent Oven Dry Basis) 
1 90 65 56 63 ~ 5. 59 62 5.4 
2 90 Foliar-applied* 6.7 62 67 5. 63 68 60 
3. 105 5 6.7 6.0 6.0 6.4 69 6,2 
4 120 6.5 5.9 70 6.1 6.6 6.2 
5 120 . Side-dressed 6.0 59 6.0 be 6.4 6.8 6.0 
6. 90 Broadcast 68 60 63 5. 64 67 59 


Number of Weekly Foliar Applications of 7.5 Pounds N per Acre Applied Prior 
to Date Sampled* 
90 Foliar-applied* 3 5 6 8 
105 5 0 1 3 4 6 
120 J . 0 1 2 4 


'Farms A and B planted May 18 and 25, respectively. 

“Leaflets sampled 5 to 6 days after foliar applications were made. 

%Results are averages of duplicate analyses of leaflet material from the potash subplots, 
reported on the oven dry basis, | geo nitrogen except nitrates. 

4Weekly foliar applications of 7.5 pounds of nitrogen per acre from urea in 8, 6 and 
4 sprays for Treatments 2, 3 and 4, respectively. 


35 
1. § 4.1 
7 
4. 
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Per Cent Dry Matter 


NITROGEN 


— Only 90 lbs. N in 


the row 


— == 90 los. N in the row 
plus 60 lbs. sprayed 


(8 x 7.5 lbs. N> 


1 
16 
August 
DATE SAMPLED 
Figure 1.—The nitrogen content of potato leaflets from plots which received foliar 
applied urea (in eight weekly applications of 7.5 lbs. of N applied, 7/12 to 8/27) and 
from unsprayed plots on four sampling dates, Farm B, 1954. Leaflets sampled 5 to 6 
days after foliar applications were made. 


RESULTS AND DiscussION 
EXPERIMENT | — 1954 
In this experiment, all treatments received 60 pounds of nitrogen 
per acre in the row at planting time. Comparisons were made of applying 
either 30 and 60 additional pounds of nitrogen per acre as a side-dressing 
of ammonium nitrate or as weekly foliar applications of urea, as shown 
in table 1. With one exception highly significant increases in yield were 
obtained to additional nitrogen whether applied either as side-dressing or 
by foliar applications. The yield increases from the side-dressed treatments 
was significantly greater than the yield increases from the comparable foliar 
treatment at the 30 pound N per acre level, and highly significantly better 
at the 60 pound level. 
The foliage on plots which received only 60 pounds of nitrogen per 
acre in the row showed nitrogen deficiency as early as the middle of 
July, and by August 2 only 6 per cent of the vines in these plots were 


| 
“ 
> 

| 
wn 
| 
| | 


NITROGEN — Per Cent Dry Matter 
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—--- Only 90 lbs. N in the row 


__ 90 lbs. N in row plus 60 lbs. 
sprayed (8 x 7.5 lbs. N) from urea 


— *-— 105 lbs. N in row plus 45 lbs. 
sprayed (6 x 7.5 lbs. N) 
120 lbs. N in row plus 30 lbs. 
sprayed (4 x 7.5 lbs. N) 

— *—— 120 lbs. N in row plus 
30 lbs, sideiressed 

— 95 N in row plus 60 lbs. 
broadcast 


T T 
16 30 
August September 
DATE SAMPLED 
Ficure 2.—Nitrogen content of potato leaflets sampled periodically from plots which 
received part of the Nitrogen either in weekly foliar applications of urea at 7.5 pounds 
of N per acre, or in side-dressed or broadcast applications. Farm B, 1955. 


alive. On plots side-dressed with an additional 30 and 60 pounds of nitrogen 
per acre 42 per cent and 83 per cent of the foliage was alive at this date. 
The foliage in treatments 3, 5, and 6 which had by August 2 received 20, 
24, and 30 pounds of additional nitrogen per acre, through weekly foliar 
applications, were 29, 47 and 83 per cent alive, respectively. 

It is doubtful that much of the later foliar applications of nitrogen 
were fully utilized because of the early and rapid decline of the vines. The 
vines in all plots were dead by September 1. 


\ 
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Under the condition of this experiment the delayed application of 
nitrogen by foliar application on plots which had received only 60 pounds 
of nitrogen in the row at planting time, was inferior to the side-dressed 
method. 

Additional nitrogen had little or no effect on the specific gravity of 
the tubers. No hollow hearts were found in the tubers sampled. 


EXPERIMENT 2 — 1954 


In this experiment at two locations in 1954, comparisons were made 
of the following treatments: (1) applying 60 pounds of nitrogen per acre 
as a side-dressing or in eight weekly foliar applications of 7.5 pounds of 
nitrogen in addition to 90 pounds of nitrogen per acre in the row at 
planting time; (2) applying 90 pounds of nitrogen per acre as a side- 
dressing or as twelve foliar applications of 7.5 pounds of nitrogen, in 
addition to 60 pounds of nitrogen in the row; and (3) all the nitrogen, 
150 pounds, applied in the row as sideband placement during the planting 
operation. In addition one treatment received only 90 pounds of nitrogen 
in the row. 


Farm A, 1954 


Highly significant increases in yields were obtained to an additional 
60 pounds of nitrogen per acre when applied either as a side-dressing or 
included all in the row at planting time (Table 1). There was a significant 
yield increase of 47 bushels per acre from the side-dressed treatment as 
compared with the yield from the treatment which received the additional 
60 pounds of nitrogen in eight weekly foliar applications. The yield increase 
from the latter treatment was only 27 bushels per acre above that obtained 
from the plots which received only 90 pounds of nitrogen per acre in the 
row, an increase which was not significant. 

The yields from treatment 2 — 90 in the row plus 60 side-dressed — 
was 37 bushels per acre greater than that obtained from treatment 4, 60 
in the row plus 90 side-dressed. This difference, however, was not quite 
significant at the 5 per cent level. 

Because of the early decline of the vines, the plots of treatment 5 
received only eight of the twelve planned foliar applications in addition 
to 60 pounds in the row at planting. The yield was about the same as 
the yields obtained from treatment 1, which received only 90 pounds in 
the row. Nitrogen deficiency appeared in both treatment 1 and 5 about 
the middle of August, and by September 9 the foliage was only 4 per cent 
alive in treatment 1 and 27 per cent alive in treatment 5. The foliage was 
76 per cent, 71, 80 and 92 per cent alive in treatments 2, 3, 4, and 6, 
respectively. Following the hurricane rainfall of over 4 inches on September 
11, decline of the remaining live vines of all plots was very rapid. 

There was little difference in specific gravity in the tubers from all 
treatments and no hollow hearts were found. 


Farm B, 1954 


Highly significant yield increases were obtained from plots which 
received an additional 60 pounds of nitrogen per acre either (a) as a 
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side-dressing, (b) in eight weekly foliar applications of urea, or (c) an 
application of 150 pounds, all in the row at planting time, as compared 
with plots which received only 90 pounds in the row (Table 2). 

Plots which were to receive ninety pounds of nitrogen per acre in 
twelve foliar applications of urea, in addition to 60 pounds in the row, 
received only 9 foliar applications and the yield obtained was slightly 
less than that of the treatment which received only 90 pounds in the row. 

The foliage on plots of treatment 1, and on the treatments which 
received only 60 pounds in the row at planting time plus additional 
nitrogen, either as a side-dressing or as foliar applications, showed nitrogen 
deficiency by mid-August. The foliage of plants which received 150 
pounds of nitrogen in the row was superior to the foliage in all other 
plots. The foliage of treatment 1 was nearly all dead by September 13. 
The vines of treatment 3 and 5 were nearly dead by September 15, and 
the vines of all the other plots were dead by September 20. 


Earty vs. Late Harvest, 1954 
On Farm B in 1954 a study was made to determine the effects of 
deferred applications of nitrogen by foliar application on tuber develop- 
ment. The vines on half of each plot were pulled on September 9, 1954, 
but vines not pulled were dead by September 20th as a result of adverse 
weather conditions. The yield difference between early and late harvests 
Was not statistically significant, however. (Table 2). 


EXPERIMENT 3 — 1955 

The effect of additional nitrogen from urea applied to potatoes, by 
foliar application, by side-dressing, and by broadcasting, on the yields and 
quality of the tubers was investigated in 1955 at two locations. Comparisons 
were made of the following treatments: (1) applying 90 pounds of 
nitrogen per acre in the row at planting time with an additional 60 pounds 
in eight foliar applications of urea; (2) applying 105 pounds of nitrogen 
per acre in the row and an additional 45 pounds as six foliar applications ; 
(3) applying 120 pounds of nitrogen per acre in the row plus 30 pounds 
as four foliar applications; and (4) applying 120 pounds of nitrogen per 
acre in the row supplemented with 30 pounds as a side-dressing. A broad- 
cast application of 60 pounds of nitrogen per acre was applied after plowing 
on Farm A and before plowing on Farm B, in addition to 90 pounds 
applied in the row in the complete fertilizer. One treatment received only 
90 pounds of nitrogen in the row at planting time. 

The yield data from Farms A and B in 1955 are summarized in table 
3. In 1955 little or no increase in yield was obtained from more than 
90 pounds of nitrogen per acre in the row. This was probably a result 
of the higher than normal temperatures in June, July, and early August, 
the lack of sufficient moisture early in the season, and the heavy hurricane 
rains in August of more than 9.79 inches which resulted in considerable 
loss of available soil nitrogen by leaching, and the early death of the plants. 


Farm A, 1955 


Nitrogen deficiency symptoms appeared in the foliage of treatments 
1 and 2 the first week of August, and yellowing of lower leaves and loss 
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of vigor occurred in all plots after the heavy rains of mid-August. By 
September 12, 1955, at least 50 per cent of the vines in all plots were 
dead, and by September 19, 1955, 90 per cent of the vines of all plots 
were dead. 


Farm B, 1955 


The yields obtained from the late harvest on Farm B were about 
100 bushels per acre higher than the yields from comparable treatments 
at Farm A, reflecting both the better moisture-holding capacity of the soil 
and the higher level of available soil nitrogen at Farm B. 

No significant yield response was obtained from more than 90 pounds 
of nitrogen per acre applied in the row at planting time. The late harvest 
yields from the plots which received 6 and 4 foliar applications of 7.5 
pounds of nitrogen each in addition to 105 and 120 pounds of nitrogen 
in the row respectively, and the treatment which received 30 pounds of 
nitrogen as a side-dress in addition to 120 pounds in the row, were slightly 
larger than yields from plots which received only 90 pounds in the row 
at planting time. The lowest yield was obtained on plots which received 
60 pounds of nitrogen in eight weekly foliar applications of urea. The 
yield differences were not statistically significant. 

With the early harvest, all treatments which received additional 
nitrogen, regardless of method of application, had lower yields than those 
obtained from only 90 pounds of nitrogen per acre applied in the row at 
planting time. Early-harvested plants which had received an additional 
45 and 60 pounds of nitrogen in weekly foliar applications produced the 
lowest yield. 

The vines of all plots were green and vigorous in late July and early 
August. Prior to the heavy rains of mid-August, the foliage of the side- 
dressed plots (treatment 5) appeared more vigorous than the foliage in 
all other plots. After the heavy rains the foliage in all plots declined rapidly 
in color and vigor. By August 30, the foliage of treatment 1 was lightest 
green. On September 15 it was estimated that only 60 per cent of the 
vines of all plots were alive and on September 19, the percentages of vines 
still alive were 15, 29, 20, 27, 29 and 27 per cent in the plots of treat- 
ments 1 through 6 respectively. On September 29 the vines of all plots 
were nearly dead. 


Earty vs. LATE Harvest — 1955 


A study was made to determine the effect of deferred application of 
nitrogen by foliar application on tuber development. The vines in half of 
each plot were pulled on September 18, 1955. Those not pulled were 70 
to 80 per cent dead on September 19. By September 29, 97 to 100 per cent 
of the vines were dead. 

Despite the rapid decline of the vines, highly significant increases in 
yields of 23 to 86 bushels per acre were obtained from the late harvest 
as compared with those obtained from the early harvest as shown in 
table 3. 

Yield increases from late-harvest over early-harvest on plots of treat- 
ments 2, 3, and 4, which received foliar applications, compared very 
favorably with the yield increase obtained from the 30 pounds nitrogen 
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side-dress treatment, and were larger than the yield increases obtained 
from the broadcast treatment, or from the treatment which received only 
90 pounds of nitrogen per acre in the row. 

The data in general suggests that greater tuber development occurred 
between September 19 and September 29 on plots which received more 
than 90 pounds of nitrogen. The data also indicate that additional appli- 
cations of nitrogen, regardless of the method would result in lower yields 
if the growing season terminated early. If the season were long enough, it 
might be expected that 4 or 6 foliar applications of urea would compare 
favorably with a comparable amount of nitrogen applied as a side-dressing. 


Tue Errect oF Foviar AppLicaTioNs OF UREA ON THE 
NITROGEN CONTENT OF THE LEAFLETS 

1954 — The nitrogen content of leaflets sampled periodically from 
plots at both locations in 1954 which received 60 pounds of nitrogen as 
eight foliar applications in addition to 90 pounds nitrogen per acre applied 
in the row, and of leaflets from plots which received only 90 pounds of 
nitrogen per acre in the row, are summarized in table 4. 

The nitrogen content of the washed leaflets from the sprayed plots 
was higher than those from the unsprayed plots at both locations, 
especially on the last sampling dates, indicating that foliar applications 
of urea were effective in increasing the nitrogen content of the leaflets. 

The higher nitrogen content of the leaflets obtained from Farm B 
correlated with the higher yields from this farm as compared with those 
from Farm A. 

1955 — Leaflets were sampled periodically from all treatments in 
1955. Regardless of the method of nitrogen application, the leaflets from 
plants which received additional nitrogen were higher in nitrogen content 
than leaflets from plots which received only 90 pounds of nitrogen in the 
row as shown in table 5 and figure 2. 

Leaflets obtained on the last two sampling dates from the plots which 
received foliar applications of urea were slightly higher in nitrogen content 
than those from the plots which received side-dressed or broadcast applica- 
tions of nitrogen. At both locations leaflets from plots which received 30 
pounds of additional nitrogen as 4 foliar applications in addition to 120 
pounds of nitrogen in the row, had a higher nitrogen content than leaflets 
from any other treatment, especially on the last two sampling dates. 

The highest nitrogen content of the leaflets on Farm B occurred in 
the August 16 sampling, the nitrogen content of the leaflets then decreased 
progressively to the last sampling date. 

The nitrogen content of the leaflets from Farm A was lower on 
8/9/55 than on either the first sampling date, or two weeks later as shown 
in table 5. The lower nitrogen content may have been caused by a dilution 
effect of the plant tissue nitrogen as a result of the rapid growth due to 
ample moisture and lower temperature following the extended dry period 
which preceded the first sampling date. 

The nitrogen content of leaflets sampled on comparable dates for 
comparable amounts of nitrogen applied were slightly higher in 1955 than 
in 1954 at both locations. The vields, however, were higher in 1954. It is 
reasonable to presume that had weather conditions permitted a longer 
growing season, larger yields would have been obtained in 1955. 
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Errect OF NITROGEN APPLICATIONS ON TUBER QUALITY 


The specific gravity of tubers from both locations in 1954 and 1955 
are ‘ven in tables 1, 2, and 3. Method or rate of nitrogen application, 
time «° harvest, and location had little or no effect upon specific gravity. 
The specific gravity readings on tubers from plots which received 60 
pounds of nitrogen in eight foliar applications in addition to 60 pounds in 
the row in 1954 as shown in table 1 or in addition to 90 pounds of nitrogen 
per acre in the row on Farm B in 1955 as revealed in table 3, were slightly 
lower than the specific gravity of tubers from other plots. This was probably 
caused by the fact that the tubers were less mature. (5) 

The lower specific gravity of the 1955 tubers as compared with the 
specific gravity of the 1954 tubers is correlated with conditions less favor- 
able for maturity of the 1955 crop. 


HoLtow-HEART 


Tuber samples from both locations in 1954 were practically free from 
hollow-heart. To determine the effect of treatments on the incidence of 
hollow-heart in 1955, 144 tubers from each treatment from each location 
were cut and inspected. On Farm A twenty hollow heart tubers were found. 
On Farm B, there were 24 and 41 hollow-heart tubers from the early- 
and late-harvests, respectively. No correlation of hollow heart incidence 
with nitrogen treatments was found. 


AFTER COOKING DARKENING 


In 1954 eight tubers from three replications of treatments 1, 2, 3, and 
6 were tested for after cooking darkening. The percentage of tubers with 
after-cooking darkening was calculated on the basis of the total number 
of tubers examined from each experiment. 

Tubers from Farm A showed more darkening (47 per cent) than 
those from Farm B (9 per cent). Tubers from plots which received 90 
pounds of nitrogen in the row plus 60 pounds of additional nitrogen as 
eight sprays, were nearly free from the after-cooking darkening at both 
locations. The tubers from other treatments at both locations showed no 
such consistent pattern of the absence of after-cooking darkening. 


CONCLUSION 


The results showed that foliar application of urea is an effective means 
of supplying part of the nitrogen for Katahdin potatoes under Connecticut 
conditions. Foliar applications of urea can be used as a means of supplying 
additional nitrogen, when the plants are too large to be side-dressed.. 

No adverse effects upon tuber quality such as hollow heart incidence 
or aiter-cooking darkening were found correlated with foliar applied 
nitrogen from urea. 

Foliar applications of nitrogen applied late in the growing season 
may tend to retard maturity of the crop, and result in lower yields, and 
tubers of slightly lower specific gravity in the event of a shorter than 
normal growing season. 

The results obtained under the conditions of these experiments indicate 
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that the amount applied by foliar application should not be more than 30 
to 45 pounds of nitrogen per acre in not more than 4 to 6 weekly sprays, 
with sufficient nitrogen provided at planting time to prevent nitrogen 
deficiency before all the nitrogen spray applications can be safely applied. 
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POTATO QUALITY X. POST HARVEST TREATMENT 
TO PREVENT AFTER COOKING DARKENING.! 


Ora SMITH" 


One of the most widespread undesirable qualities of potatoes is the 
tendency for the tubers to turn dark after cooking. It appears first and to 
the greatest degree just under the skin at the stem end of the potato and 
decreases in intensity toward the apical end. The color may range from 
normal white of the unaffected tubers through shades of gray to almost 
black. It greatly detracts from the appearance of the cooked potato and 
renders it much less desirable. It has no known effect on flavor or nutritive 
value of the potato. Since many food products are accepted or rejected on 
the basis of color and appearance this defect undoubtedly has had a marked 
effect on the gradual decrease in potato consumption. It has been reported 
from practically every potato growing area in the world and has been the 
subject of investigation for over 50 years. 


GROWING CONDITIONS AND DARKENING 


Effect of Fertilizers. Many years ago it was reported that potatoes 
grown with a suboptimum supply of potassium would darken while those 
with potassium added remained white. Sulphate forms of potassium have 
been found to be better than the chloride or kainite forms for preventing 
discoloration. Jacob (9) found that the addition of potassium which 
decreases the amount of nitrogen in the potato also tends to decrease 
the darkening 

The content of nitrogen and potassium in tubers is closely related to 
the amounts of these substances which were added to the soil. Hansen (6) 
believes there is no direct connection between the content of potassium 
and darkening although darkening increases with the content of non-protein 
nitrogen compounds. Several investigators have shown that addition of 
nitrogen fertilizer in connection with lack of potassium, in other words 
a large N/K ratio, increases the tendency to darken. 

Wallace and Wain (43) think that lack of phosphoric acid can result 
in darkening and that it is connected with the content of iron; with low 
phosphoric acid or a lack of potassium, iron would accumulate in the tubers. 
According to Tedin, et al. (37) darkening is associated with high content 
of protein and low amide N in tubers. 

Soil. Reaction of the soil has an influence on the tendency of 
potatoes to darken, low pH soil is likely to increase darkening (Smith, 
27, 28; Smith and Nash, 29, 30). These investigators also showed that 
potatoes grown in muck soil seldom darkened whereas those grown in 
the same area in mineral soils tended to discolor. They attribute these 
differences, however, to maturity and other factors that usually are 
associated with these soils. 

Temperature. There is a relation between darkening of potatoes and 
the temperatures during the growing season, especially during the last 
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several weeks of growth. Smith and Nash (31) and Smith, et al (32) 
showed that potatoes which were still alive and functioning for the last 
several weeks at temperatures under 50° F. had a much greater tendency 
to darken than those ripening at temperatures above 60° F. This is the 
primary reason for most potatoes harvested late to darken more than those 
which were harvested earlier when temperatures were higher. Potatoes 
from plants which have been killed early with chemicals also darken to a 
lesser extent than those killed later (D.D.S.F., 3; K. 11). 

Soil Moisture and Light. Plants which are irrigated and heavily 
fertilized produce tubers with a greater tendency to darken than plants 
which receive only normal rainfall (Nash and Smith, 17; Smith and Nash, 
29). In Scotland there is a higher degree of darkening in wet, cloudy 
summers than in dry, sunny summers ( McIntosh, 13). On the other hand, 
in Denmark irrigated plants produced tubers of less darkening than those 
non-irrigated (Juul, 10). Shading plants increased the darkening of tubers 
(Nash and Smith, 17; Smith and Nash, 29). 

Probably neither of the factors, light intensity nor soil moisture, 
directly affects the darkening tendencies. For instance, if soil moisture is 
low and it reduces the availability and absorption of certain fertilizer 
elements such as nitrogen or potassium it may decrease the prevalence of 
darkening by hastening maturity at a time when temperatures are relatively 
high. On the other hand, soil moisture may be high but the soil fertility 
very low and relatively little nitrogen or potash available, resulting in early 
maturity, during warm weather, and resultant decrease in darkening. 

Varieties. Most European workers think that there are no pro- 
nounced differences between varieties in their tendency to darken ( Hansen, 
6; Parker, 20; V. S., V. V. S., 41). Nash (18), however, found marked 
differences in darkening between varieties grown under the same environ- 
mental conditions. In breeding experiments Rieman, ef al, (22) crossed 
plants of white-boiling with those of dark-boiling potatoes and found that 
the tendency to remain white after boiling was totally or partially dominant. 


EFFecT OF STORAGE ON DARKENING 


There seems to be a tendency for darkening to increase in potatoes 
as they are stored from fall to spring. Within the range of commercial 
storage temperatures this factor has no influence on darkening (Totting- 
ham, et al, 40; K. 12). Smith, et al, (32) showed, however, het holding 
potatoes at high temperatures, such as 100° F. for 3 days greatly reduced 
the darkening or prevented it entirely. 


THEORIES ON CAuses OF COLorR 


Some investigators have assumed that the discoloration is a result of 
the tyrosine-tyrosinase-melanin reaction. As early as 1905, however, it was 
shown that there could be no connection between darkening and tyrosinase 
activity (Ashby, 1). Later workers ( Merkenschlager, 15, 16; Tinkler, 39) 
state that tyrosinase could be active in this reaction during the short time 
before the cooking water reaches the boiling point. Oxidation is necessary 
for the formation of the dark pigment. It is assumed that the potato tissue 
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contains sufficient oxygen for the initial stages of the reaction but atmos- 
pheric oxygen is necessary for the final steps in oxidation. Boiling potatoes 
in a nitrogen atmosphere does not decrease the tendency to darken although 
those exposed to nitrogen after boiling do not discolor (Nutting & Pfund, 
19). The potato cell organization is destroyed at 55° C. and tyrosinase is 
inactivated at 70° C. so that the reaction may take place between these 
two temperatures (Hansen, 6). 

According to Tinkler (39) iron in the tubers increases darkening 
either by a catalytic action or the result of formation of an iron-phenol 
compound which is dark colored. 


IRON CONTENT OF THE POTATO 


In the literature one finds most varying reports on the content of iron 
in the potato. It can most likely be taken as certain that the iron content 
on an average varies between 2.5 and 10.5 mg. per 100 grams dry sub- 
stance. 

Only little is known of the form in which iron is found in the potato. 
Shackleton and McCance (25) report that 90 to 100 per cent of the iron 
is found in inorganic compounds and Shive (26) is of the opinion that 
the major part is found in insoluble form, most likely in the form of pre- 
cipitated organic ferric complexes. There is probably an equilibrium 
between ferrous ions and ferric ions, of which the ferrous ions are the 
physiologically active. 

That the darkening does not take place until after the beiling must 
be due to the fact that ferric ions are not present in the potato when the 
cell organization is destroyed as otherwise these ions in spite of the 
presence of ascorbic acid would form the dark colored iron-diphenol 
compound before the air was admitted. The ferric ions must, therefore, 
be present in an insoluble state or, at least, they are precipitated during 
the heating. 

There is disagreement among the different investigators as to the 
influence of iron on darkening, but this may be due to the fact that in 
most cases the content of iron is determined while the important thing is 
the content of the free ferrous ions. Furthermore, the variations in the 
content of iron may have been so small that other factors which influence 
darkening may have concealed the influence of the iron. These might be 
such factors as hydrogen ion concentration or the ratio between the con- 
centrations of o-diphenol and other complex formers. 

If we assume that the darkening is due to the production of an iron- 
o-diphenol compound it should be expected that variations in the amount 
of ferrous ions present will influence the degree of darkening and certain 
circumstances point in that direction. 


CONTENT OF O-DIPHENOL IN POTATOES 


It is believed that the o-diphenol compounds are predecessors of the 
pigment that darkens potatoes and that the pigment is formed by oxidation. 
Smith, Nash and Dittman (32) found that darkening was produced by 
boiling potatoes in a solution of potassium bromate, an oxidizing agent, 
whereas a solution of stannous oxalate, a reducing agent, prevented 
darkening. 
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The most complete investigation in this field has been done by Juul 
(10). He found that caffeic acid and chlorogenic acid are present in the 
potato in approximately the same molar concentration. They form the 
major part of the o-diphenol content of the potato. He also found higher 
amounts of o-diphenol in the basal than in the apical ends of tubers 
although the differences were not always considered significant statistically. 

It has been mentioned that darkening is worse in plants that were 
heavily fertilized with nitrogen. O-diphenol content usually is higher in 
tubers from plants which received large applications of nitrogen as com- 
pared with those with less nitrogen or with a low N/K ratio. Some of 
these differences, however, are not considered significant. 

Darkening usually is less in immature than in mature tubers. Juul 
was not able to find any consistent correlation betwen o-diphenol content 
of basal ends of tubers harvested at different stages of maturity and color 
of the boiled potato. 

Ross, et al, (23) found a high correlation between the o-diphenol 
content of tubers and darkening after boiling. 


Errect oF PH or Tuser TISSUE 


This discoloration always appears first and to the greatest extent and. 
in most cases, exclusively in the stem ends of tubers. Likewise the pH 
values of the stem ends of potatoes are higher than those of the apical 
portion. Potatoes boiled in acidulated water remain white rather than 
turning dark. 

Smith, Nash and Dittman (32) showed that darkening depends on 
hydrogen ion concentration. By boiling potatoes in many solutions ranging 
from pH 3 to 9 it was found that darkening could be prevented in solutions 
more acid than the normal potato and intensified at reactions more alkaline 
than that of normal potatoes. The pH of tubers also was changed by storing 
them in various gas mixtures. Any storage treatment which resulted in 
decreased pH of the tubers also decreased or prevented darkening. At high 
temperatures (100° F.) or in inert gas (nitrogen) anaerobic oxidation is 
increased. This results in the formation and accumulation of organic acids 
which lower the pH of the tubers. Because of the low supply of oxygen in 
these tissues the o-diphenol compounds may be present in the reduced form 
and further oxidation to dark colored compounds would be unlikely. 
Further work by Smith and Kelly (33) with potatoes treated with ethylene 
chlorhydrin to greatly increase respiration rate followed by storage in 
various gases at several temperatures showed that there is not a perfect 
relationship between pH of the tuber and appearance of blackening, with- 
out regard to the method of changing the pH of the tuber. 

Wager (42) thinks that the quantity of darkening is independent of 
the degree of acidity of the potato, but depends on the amount of pigment, 
the color of which changes reversibly with pH. The pigment from dark 
boiling potatoes did not change in quality between pH 1.5 and 7.5. The 
intensity of the color decreased rapidly from pH 9.5 to pH 6.5 and then 
slower as the pH decreased further. 

Juul (10) also states that darkening depends on the hydrogen ion 
concentration of the potato; there is a linear relationship between pH and 
color. Darkening always is greatest in the stem end of the potato and pH 
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always is highest in this same area. The pH of the potato increases with 
the degree of ripeness (Juul, 10). Juice from dark boiling potatoes has a 
higher pH than juice from those which remain white. The hydrogen ion 
concentration of the boiled potato is between pH 5.7 and 6.4. In the raw 
potato the pH is lower because of the presence of COz in the juice. 

Potato juice has the least buffer capacity at the natural pH. The 
buffer index curve increases in both the acid and the alkaline direction. 
Between pH 10 and 8 the buffer material is mainly amino acids and 
asparagine. From pH 8 to 3, it is citric acid and maleic acid in addition 
to amino acids and asparagine. Between pH 6 and pH 3 there is also 
a weak phosphate buffer effect (Guthrie, 5). 

Except citric, tartaric and partly maleic acid most organic acids lose 
their buffer capacity in the region pH 5.4 to 6.2 and the phosphate and 
carbonate systems have just started to have some effect. This means that 
carbonic acid will be of great importance. The pH of potato juice with 20 
per cent COs in the air above the juice changed from 6.23 to 5.93 and in 
100 per cent CO, it changed to pH 5.56. The increase in pH of juice 
from potatoes which had been treated with ethylene chlorhydrin was due 
primarily to a decrease in citric acid content. The apical ends of potato 
tubers have the lowest pH and also are highest in organic acids ( Prunet, 
21). 


(a) Influence of Fertilizer on the Buffer Capacity of Potato Juice. 
The ratio of nitrogen to potash in a fertilizer for potato production 


influences the hydrogen ion concentration of the potatoes. This ratio may 
also influence the content of organic acids in potatoes and therefore affect 
their buffer capacity. Above pH 8, potatoes having the greatest buffer 
capacity were fertilized only with nitrogen (Juul, 10). They also have an 
increased content of amino acids. Below pH 8 and especially between pH 
6.5 and 5.0 the buffer capacity is decreased. The decrease in buffer index 
is not as marked below pH 5.0, especially in the most acid region. 


(b) Influence of Fertilizer on the Content of Citric Acid of the Potato. 

Citric acid concentration varies between 0.3 and 1.0 mg. per 100 ml. 
of juice. (Hartman and Hillig, 7; Thunberg, 38; Steinhardt, 36). In the 
region pH 5.4 to 6.2 there is a difference in the buffer capacity of potato 
juice from tubers grown with nitrogen only and those with nitrogen and 
potash. This change in buffer capacity may be explained by the change in 
citric acid concentration (Juul, 10). 

Maleic acid is of little importance in this connection since it occurs 
in only 1/20 the amount of citric acid (Curl and Nelson, 2). 


IMPORTANCE OF IRON AND O-pIPHENOL COMPOUND IN BLACKENING 


Juul states that undoubtedly an iron compound in the potato is 
involved in the reaction which results in after cooking darkening. He 
found that the violet ferric-dipyrocatechol compound may be decolored by 
pyrophosphate. He cut potatoes in half longitudinally, boiled one set in 
10 per cent pyrophosphate solution and the opposite halves in tap water. 
Reactions of the solutions was pH 6.33, therefore, color improvement could 
not be due to lowering pH. In every case pyrophosphate repressed the 
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darkening completely. Moreover, decoloring with pyrophosphate was made 
after boiling by leaving the potatoes in a pyrophosphate solution for some 
time. Recently Smith (35) treated unpeeled whole potatoes by dipping them 
in a solution of sodium acid pyrophosphate and also by vaporizing the 
chemical in the air surrounding the potatoes. After 48 hours in a tight 
container treated potatoes showed little or no darkening after boiling, 
whereas, untreated potatoes exhibited it to a great extent. This apparently 
results in the formation of colorless iron-pyrophosphate complexes and a 
consequent white potato. 

It is not possible from these data to conclude anything as to the kind 
of iron compound involved.If we assume that it is an o-diphenol-iron 
compound it should be possible to repress the darkening by boiling the 
potato in a substance which forms specific compounds with o-diphenols 
without simultaneously binding the iron. Such a substance is boric acid. 

Pyrocatechol, an o-diphenol, reacts with boric acid to form dipyro- 
catechol-boric acid (Hermans, 8; Meulenhoff, 14). The ferridipyro-catechol 
compound can be discolored by using a sufficiently strong concentration of 
boric acid. Juul conducted such experiments and found that boric acid 
decolored the o-diphenol complex considerably because boric acid bound 
part of the o-diphenol. Similar results were obtained with caffeic acid. pH 
in all cases was buffered to 6.50. 

The possibility that it was iron which had made a complex with boric 
acid is very likely particularly at the concentrations which were used. Very 
little is known about the boric acid complexes of iron, but they are 
undoubtedly much weaker than the o-diphenol compound mentioned above. 

If the darkening is due to an o-diphenol, it should be possible to 
decolor dark boiled potatoes by placing them in a boric acid solution, Juul 
placed longitudinal halves of potatoes, one half hour after boiling, in tap 
water and the opposite halves in 1 per cent boric acid solution. Both were 
buffered to pH 6.4. After one half hour they were removed and it was 
found that boric acid effected a decrease in darkening. 

Juul has shown that darkening of the potato is due to an iron- 
o-diphenol compound and that the o-diphenol is a mixture of caffeic and 
chlorogenic acids. He has concluded that the darkening process of the 
potato after boiling depends on the following factors : 

(1) pH. The complexity of the formed iron-caffeic acid compounds 
increases strongly with pH. Therefore, the darkening will be increased 
under such growing conditions which increase pH. It should be emphasized 
that this increase in pH refers to boiled tissue or juice. When no such 
relation was found in some experiments it may be due to the fact that these 
things were not taken into account in the measurements made. Varying 
amounts of carbon dioxide and ammonia in the raw juice may have 
influenced the results. 


(2) Iron Concentration. The concentration of ferrous ions is impor- 
tant as it increases the amount of pigment. 


(3) Concentration of Caffeic and Chlorogenic acids relative to the 
concentration of other iron-complex-forming ions of importance. Certain 
complications exist since simultaneous changes of concentration of these 
ions may take place in the same or in opposite directions. 

Juul also states that in the same locality changes in pH probably are 
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of greatest importance while color differences between potatoes from differ- 
ent localities may be due to one of the other factors or perhaps to both 
of them. 


EFFECT OF IRRADIATION ON DARKENING 


Sawyer (24) irradiated Cobbler, Green Mountain, Katahdin and 
Russet Burbank tubers with gamma rays at dosage levels of 5000, 7500, 
10,000 and 12,500 r. Tubers from each of these as well as untreated were 
boiled after 8 months storage at 50° F. Dosages of 10,000 and 12,500 r 
developed worse after cooking darkening than the checks or lighter dosages. 

In another experiment Katahdin tubers were treated with gamma and 
fast electron irradiation at dosages of 10,000, 20,000, 40,000 and 80,000 r. 
After 10 months storage at 50° F. it was found that the two highest dosages 
gave an increase in after cooking darkening when compared with the 
untreated. The blackening was more pronounced with gamma than with fast 
electron irradiation. 


Recent Metuops To PREVENT AFTER CooKING DARKENING 

Since the most logical theory on the cause of after cooking darkening 
appears to be the reaction of certain types of o-diphenols and certain forms 
of iron, our recent experiments have emphasized this phase. The ferrous 
ions of the tuber combine with an o-diphenol giving a colorless or faintly 
colored compound. This compound oxidizes when exposed to air forming 
the deeply colored ferric compound. Juul was able to prevent after cooking 
darkening of potatoes by boiling them in a weak sodium pyrophosphate or 
sodium acid pyrophosphate solution. This resulted in the formation of 
colorless iron-pyrophosphate complexes and consequently white boiled 
potatoes. 

It occurred to us that we might be able to prevent after cooking dark- 
ening by sequestering or chelating the iron in potatoes. A sequestering 
agent is a compound that will inactivate a metallic ion by forming a water 
soluble complex in which the metal is held in a non-ionizable form. A 
chelating agent is a compound which inactivates a metallic ion by making 
it an integral part of an inner ring structure. Since ethylene diamine 
tetraacetic acid (EDTA) and its salts chelate iron preferentially to all 
other commonly occurring metals it was first selected for trial. Results of 
work of Smith and Muneta (34) and Greig and Smith (4) show that 
after cooking blackening can be reduced or prevented by spraying chelating 
chemicals on plants in the field and by dipping peeled potatoes in dilute 
solutions 24 hours or more before boiling. Other chemicals such as gluconic 
acid, citric acid, sodium gluconate, sodium citrate, ammonium gluconate 
and sodium bisulfite also reduced after cooking darkening when applied 
as a spray to foliage in the field. It is believed that in most instances the 
above chemicals have reduced darkening by sequestering or chelating the 
ion in the tubers so that it is held in a non-ionizable form and cannot take 
part in a reaction with o-diphenol and, therefore, prevents the normal 
formation of the dark colored pigment, a ferric o-diphenol compound. 
During the past year we have tested a number of chemicals to determine 
their effect on after cooking darkening by treating the unpeeled whole 
potatoes after several months storage. 
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MATERIALS AND METHODS 


Katahdin tubers harvested in September and October and stored at 
40° F. until July and August were used. Treatments consisted of 1, 
SOz gas, 2, several volatilized or evaporated chemicals in which potatoes 
were confined for 48 hours and 3, several solutions in which tubers were 
dipped for 2 minutes. All treatments consisted of placing potatoes in an 
airtight container for 48 hours after treatment or during treatment at 
temperatures of 50° and 75° F. Potatoes were then removed from the 
containers, peeled and boiled in the usual manner and after one-half hour 
observed for darkening. Photographs of the stem ends of potatoes were 
made within three hours of cooking. Figures 1, 2, 3 show the effects of 
the various chemicals on darkening. 

No darkening appears in tubers treated with sulfur dioxide gas. These 
figures also show that there was little or no darkening in those potatoes 
which were treated with sodium bisulfite. sodium gluconate, sodium acid 
pyrophosphate and Versenol (trisodium salt of N-hydroxyethylethylene- 
diaminetriacetic acid) (HEDTA). (Tables 1 and 2). Versenol forms ferric 
chelates with the trivalent or ferric iron ions. The proper concentration 
and the time and temperature during treatment have not been worked out 
vet. 


1 3 


Ficure 1.—After cooking darkening of potatoes (1) untreated, (2) dipped in solution 
of NaHEDTA and (3 )treated with sulfur dioxide gas for 48 hours. All were held 
in a tight container at 75° F. during or tollowing treatment. 
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Figure 2.—After cooking darkening of potatoes (1) dipped in sodium acid pyrophos- 
phate solution, (2) dipped in sodium gluconate solution and (3) dipped in sodium 
bisulfite solution. All were held in a tight container at 75° F. following treatment. 


1 3 


Ficure 3.—After cooking darkening of potatoes (1) dipped in sodium bisulfite solu- 
tion, (2) untreated and (3) treated with sulfur dioxide gas for 48 hours. All were 
held in a tight container at 50° F. during or following treatment. 


| 
| 


582 AMERICAN POTATO JOURNAL [Vol. 35 


chemical treatments of whole unpeeled potatoes on 
phe. cooking darkening (Stored at 75° F.) 


Chemical and Concentration (2 per cent) | Color Rating* 
Untreated ............ re 6 
Sodium acid py rophosphate 9 
Sodium bisulfite 9 
Sulfur dioxide 10 


*10 = White, no darkening, with progressively lower numbers indicating increasing 
amount and intensity of discoloration. 


TasLe 2.—Effect of chemical treatments of whole unpeeled potatoes and 


of holding temperatures on after cooking darkening. 


Chemical and Holding Temperature Color Rating* 
Untreated, 50° F. 5 
Untreated, 75° F. 6 
Sodium gluconate, 75° F. 9 
Sodium bisulfite, 50° F. 10 
Sulfur dioxide, 50° F. 10 
Sulfur dioxide, 75° F. 10 


SUMMARY 


Results of these preliminary experiments indicate that after cooking 
darkening can be reduced or prevented by treating whole unpeeled potatoes 
with several chemicals after harvest. Concentrations, length of treatment 
and temperature during treatment need to be worked out more completely. 
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A FUNGUS-LIKE STRUCTURE IN POTATO TUBERS AND 
POTATO TISSUE CULTURES'! 


DonaLtp A. Younc? 


The potato is a crop plant grown extensively throughout the world 
for its starchy tubers which are used as human food, animal feed and for 
industrial purposes. The presence of contaminating bacteria and fungi in 
potato tissue has been reported by several workers. 

Early evidence indicated that the fungi associated with potato roots 
were involved in tuber formation (2,3,5,13). Various aspects of the 
relationship between mycorrhizal fungi and the potato have been reported 
(8,16). The mycelium arising from a large soil borne spore common in 
Illinois soils was found by Gerdemann (9) to form an association with 
the roots of red clover, corn, strawberry and sweet clover. A similar 
association was formed with the roots of potato seedlings (Personal com- 
munication). Other investigations have shown that under certain growing 
conditions tubers were formed when mycorrhizal fungi were not present 
(6, 14,15, 18). The presence of bacteria in healthy potato tubers has been 
reported (22, 26). 

A mycorrhiza-like mycelium in potato tubers was reported by Cooper, 
Rieman and Hougas (7). The mycelium was present in healthy tubers 
from 30 varieties and 150 seedlings of Solanum tuberosum as well as S. 
andigenum, S. demissum, S. gibberulosum, S. lanciforme, S. pinnatisectum, 
S. semidemissum and S. verrucosum, A study of the development of the 
tuber revealed that the fungus came in contact with the growing tip of the 
rhizome, penetrated the apex and became associated with the vascular 
tissue. Shortly after penetration the apical portion of the rhizome enlarged 
to form a tuber, Examination of rhizomes which failed to tuberize did not 
reveal the presence of a fungus. In preliminary tests plants from true seed 
grown on a sterile substrate did not produce tubers. 

The purpose of this research was to investigate further the nature 
and function of the mycorrhiza-like mycelium found in potato tubers. 


MATERIALS AND METHODS 


Freehand sections of tubers, roots, seeds, stems, rhizomes and tissue 
cultures were stained with rose-azurine, cotton blue and aceto-carmine. 
Potato rhizomes, tubers and tissue cultures were fixed in FAA, treated 
according to the standard paraffin technique and stained with safranin-fast 
green and Delafield’s haematoxylin-safranin. Other potato tissue cultures 
were fixed in 6:3:1 Carnoy’s fixative using 70 per cent alcohol, treated 
according to the standard paraffin technique and stained with Delafield’s 
haematoxylin. 
1Accepted for publication December 9, 1957. 

Contribution 659 from the Department of Genetics, University of Wisconsin, Madison 
6, Wisconsin. A portion of a thesis submitted in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy at the University of Wisconsin. Supported in 
part by the Research Committee of the Graduate School with funds from the Wiscon- 
sin Alumni Research Foundation. : : 

“Research Officer, Experimental Farm, Fredericton, New Brunswick, Canada. 


| 

| | 


586 AMERICAN POTATO JOURNAL [ Vol. 35 


The original callus cultures were supplied as stocks from tissues 
isolated at Wisconsin (28). One culture was supplied by Dr. S. M. Caplin. 
In addition, callus cultures were subsequently isolated from potato tubers, 
stems, rhizomes, and leaf petioles and grown on an agar medium (25). 
An earlier study (29) indicated that potato tissue cultures contained a 
fungus-like structure. Bacitracin, aureomycin hydrochloride, sodium peni- 
cillin and terramycin hydrochloride were therefore added to the medium 
in an experiment designed to test the effect of antibiotics on the fungus 
and on the host tissue. Cultures were maintained on the antibiotic contain- 
ing media for a period of three months through three transfers before 
examination. 

Tubers were produced under aseptic conditions using a procedure 
described by Barker (1). Rapidly growing sprouts 3% to 1 inch long were 
removed from tubers, surface sterilized, and placed in 25 x 200 mm. test 
tubes on White’s agar medium supplemented with 2.5 mg. calcium panto- 
thenate per liter. The sprouts were kept in the culture room for 
approximately four months. Tuberization was aided if the cultures were 
occasionally placed in a 5°C refrigerator for a day. 

Potato plants were grown under aseptic conditions in 25 x 200 mm. 
test tubes, 500 ml. and 800 ml. Erlenmeyer flasks. Potato seeds, surface 
sterilized in 1/1000 HgCle or a 0.5 per cent solution of sodium hypochlorite 
were placed on autoclaved washed white sand moistened with a modified 1 
Hoagland’s (24) nutrient solution. One group of plants was placed in 
the Wisconsin soil temperature tanks maintained at 16-18°C with an air 
temperature ranging from 21 to 24°C. Other plants were grown on a 
greenhouse bench with temperatures maintained at 19°C and 23°C. 
Additions of 1, 5 and 10 per cent glucose were made to the Hoagland’s 
solutions in trials maintained at 19°C and 23°C. Plants were kept in the 
open sunlight supplemented with artificial light. 


EXPERIMENTAL RESULTS 
THE FUNGUS-LIKE STRUCTURE IN PoTATo TUBERS 


The tubers of 60 potato varieties, 185 seedlings and 45 Solanum 
species were examined during the course of the present study. These tubers 
were grown under normal conditions in the field and greenhouse in 
Wisconsin, several other states and Canada, and were collected and 
examined over a period of four years. A fungus-like structure was present 
in all tubers examined. 

The mycelium was clearly evident at 100 magnifications in freehand 
section 50 to 60 microns thick stained with aceto-carmine (Fig. 1). In 
such a preparation the mycelium took a brilliant red stain, the potato nuclei 
a deep pink color and the remainder of the tissue was unstained. Other 
stains that demonstrated the fungus satisfactorily were those that stained 
the mycelium deeply and the plant parts faintly or not at all. Such a 
contrast aided in revealing the presence of the fungus. Cotton blue (aniline 
blue) in water, alcohol or FAA and rose-azurine in water stained the 
fungus and provided fair contrast between the mycelium and the tuber 
section. 

Microtomed sections of tubers and enlarged rhizomes, ranging from 
6 to 10 microns in thickness, were stained with safranin-fast green and 
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Ficure 1.—Aceto-carmine stained freehand section of a tuber, var. Red Pontiac, 
showing the fungus. 


Delafield’s haematoxylin. In some cases material which resembled the 
fungus was present and this material could be followed in serial sections. 
However, in no case did the mycelium occur with the characteristics 
typically evident in freehand sections. 

The fungus appeared as a branching inter- and intracellular hypha 
in properly stained freehand sections. Stains specific for cellulose and 
callose did not reveal hyphal walls or cross walls. Nuclei were not evident 
within the mycelium. The diameter of the hyphae varied from 0.9 to 7 
microns. Single hyphal strands ranging up to 285 microns in length were 
present. Branching occurred, in general, from hyphae with a diameter of 
4 or more microns and the branch was considerably smaller than the main 
hypha. Strands one micron in diameter and up to 70 microns long which 
had originated from a larger hypha were common. Such strands connected 
two main hyphae or the strand would become increasingly smaller in 
diameter and apparently terminated beyond the range of vision. 

The fungus was present in potato tubers ranging in size from slightly 
enlarged rhizomes to large mature tubers. It was most abundant in tubers 
4mm. to 10mm. in diameter. The hyphae were large and apparently in 
stages of active growth in such tubers, In larger tubers, and particularly 
in mature tubers which had been stored for a considerable time, the hyphae 
were widely dispersed and did not readily take the stain. 
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The fungus was present in all parts of the tubers although most common 
in the cortex and vascular areas (Fig. 2). It was considerably more 
abundant in the tissues forming the apical portion of the tuber than in 
those at the stem end. Oftentimes there was a close association between 
the fungus and the vascular tissue. Large hyphae were present adjacent 
to ard inside of xylem vessels. Such hyphae often occupied a portion of 
a xylem vessel 15 microns long but did not appear to plug the vessel. 
Hyphae were observed to pass through parenchyma tissue from one xylem 
element to another. Occasionally the fungus was present in the periderm. 
When present in this tissue the hyphae were large in size, seldom branched 
and appeared to have penetrated the periderm from the exterior (Fig. 3). 
In tubers 2 to 5 mm. in diameter hyphae were abundant in the periderm 
and the cortex at the apical end of the tuber. 


THE FUNGUS-LIKE STRUCTURE IN TISSUE CULTURES 


A mycelium, similar to that occurring in tubers, was present in tissue 
cultures derived from the tubers, stems, rhizomes and leaf petioles of 
potato plants (Table 1). The fungus occurred as branching hyphae and 
cell walls or cross walls were not demonstrated. The hyphae were generally 
intercellular, and branching was not as common as in tuber tissue. The 
mycelium was best observed in freehand sections stained with cotton blue 
or aceto-carmine (Fig. 4.). Microtomed sections stained with safranin-fast 
green or Delafield’s haematoxylin did not reveal the fungus. 

In tissue cultures the fungus was not as abundant and was more 
difficult to stain properly than in young tubers. However, it was present 
to varying degrees in each culture. Hyphae were nearly non-existent in 
the young, small-celled, meristematic regions of the culture but were 
present in the more mature regions of the culture piece. Difficulty was 
encountered in demonstrating the presence of the fungus in soft-type 
cultures. Such cultures were not firm enough for sectioning and it was 
necessary to spread and mash them. This process apparently broke up the 
mycelium and made it difficult to detect. 

The mycorrhizal nature of the fungus was indicated by its relation to 
the tissue culture and the culture medium. The fungus in no case grew 
from the tissue culture onto the medium in the culture bottle. It failed to 
grow on yeast extract agar (27) or on Rebbins’ and Hervey’s medium 
(21) which are commonly used to reveal contaminations in tissue cultures. 
No spores were observed in potato tubers or in culture materials. 

Tissue cultures were established from the stems of potato seedlings 
grown under aseptic conditions. Surface sterilized seeds of the crosses 
(X131.52 x X141.52) and (B606 x X143.52) were planted in Erlenmeyer 
flasks on sterile sand moistened with 1 Hoagland’s solution. When three 
inches high these seedlings were removed from the flask and tested for 
sterility on yeast extract agar. The stems were cut into pieces 1 to 2 cm. 
in length and placed on the Steward and Caplin (25) culture medium. 
After three transfers the cultures derived from the stems of eight plants 
were microscopically examined. The mycelium ws present in cultures 
derived from five of the plants but was not observed in the remaining 
three. 
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Ficure 2.—Longitudinal section of a potato tuber 1.5 cm. in length showing t 
regions in which the fungus mycelium was most abundant. 


Figure 3.—Fungus mycelium in the periderm of-a potato tuber, var. Chippewa. 
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TasLe 1.—Potato varieties and seedlings from which tissue cultures 
harboring the fungus-like structure were established. 


Variety Plant Portion 


Antigo Tuber 

Chippewa (free from Virus X) Tuber 

Chippewa (infected with Virus X) Tuber 

Chippewa (infected with Virus X and Virus Y) Tuber 

Hindenburg : Tuber, pith 
Hindenburg Tuber, vascular region 
Irish Cobbler Rhizome 

Irish Cobbler Tuber 

Irish Cobbler Stem 

Irish Cobbler Leaf petiole 

Katahdin Tuber, pith 

Kennebec Tuber, pith 

Kennebec Tuber, vascular region 
Kennebec wns Tuber, cortex 
Keswick (free from Virus X ) Tuber 

Keswick (free from Virus X ) Stem 

Red Beauty Tuber, pith 

Red Beauty Tuber, vascular region 
Red Beauty Tuber, cortex 

Russet Burbank ... Tuber, vascular region 
Russet Burbank ruber, pith 

Russet Sebago luber, vascular region 
Russet Sebago “Tuber, pith 

Wis. seedling (X143 x X Stem 

Wis. seedling (X141 x X 

Wis. 

Wis. 


Ficure 4.—Fungus mycelium in potato tissue culture derived from tuber tissue, 
var. Katahdin. 
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Tissue Cuttures FREE oF THE FUNGUS-LIKE STRUCTURE 


Tissue cultures were produced from small groups of cells by modify- 
ing the procedure of Muir et al (20). A cluster of approximately 20 cells 
was excised from the meristematic regions of established tissue cultures. 
The cells were placed on a 7 x 7 mm. square of sterile filter paper which 
had been resting for the three previous days on the surface of an actively 
growing ‘host’ culture. The filter paper with the small number of cells was 
then returned to its culture of origin. When the culture on the upper surface 
of the paper reached a diameter of 5 mm. it was placed on an agar medium. 
A total of 19 new cultures of the varieties Red Beauty, Hindenburg and 
Wisc. M804 (free of Virus X) were established in this manner. During 
succeeding transfers these cultures were examined microscopically. After 
four examinations covering a period of four months through four transfers, 
two cultures of Red Beauty, four cultures of Hindenburg and one culture 
of Wis. M804 appeared to be free of the fungus. The cultures were main- 
tained for six months and a further examination did not reveal the fungus. 
There were no apparent differences, either in morphology or rates of 
growth, between cultures where the fungus was present and cultures free 
of the fungus. 

Certain antibiotics influenced the mycelium growth in the host tissue 
cultures. Cultures of Russet Burbank and Red Beauty were grown for a 
period of four months on media containing four antibiotics (Table 2). 
After this incubation period no hyphae were present in Russet Burbank 
cultures grown on media containing 100 ppm. aureomycin hydrochloride, 
50 and 100 ppm. sodium penicillin and 100 ppm. bacitracin. The fungus 
was present in all cultures of Red Beauty in all treatments. However, 
there appeared to be a decided reduction in fungal growth in several of 
the cultures containing antibiotic materials. In the case of Red Beauty 
cultures grown on 100 ppm. bacitracin, eight preparations for microscopic 
examination, instead of the usual single preparation, were required to 
reveal the presence of the mycelium. 


TasBLe 2.—The effect of antibiotics in the culture medium on the 
fungus-like structure. 


Red Beauty Russet Burbank 
Tissue Culture Tissue Culture 


Bacitracin 100 ppm. . 


Terramycin 2> ...... 
50 ppm. ... 


Aureomycin 50 ppm. .. 
100 ppm. . 
Penicillin 50 ppm. . 
100 ppm. 
Check 


*+ Fungus present 
— Fungus absent 


— 
| 
| 
| 
| 
+ 
+ + 
+ + 
— ‘ 
+ 
+ 
+ 
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Tusers Propucep oN PLANTS GROWN UNDER Aseptic CONDITIONS 


Plants grown under aseptic conditions from true seed were subjected 
to an environment quite different from that in which potato plants are 
normally grown. The stems of such plants were elongated, and a small 
simple, oftentimes rolled leaf developed at each node. Numerous small 
branching rhizomes were produced. 

Three hundred and seventy-six plants were grown from true seed 
under aseptic conditions. 

Eight of these plants produced tubers. One plant produced tubers in 
a 25 x 200 mm. test tube while the other plants were grown in 500 ml. 
Erlenmeyer flasks in a greenhouse maintained at 19°C. The addition of 
glucose to the nutrient medium did not appear to aid tuberization. Of the 
eight plants which produced tubers, three were grown on a medium 
containing 5 per cent glucose, one was grown on a medium containing 1 
per cent glucose, and the nutrient of the remaining four contained no 
glucose. Leaf or stem tissue, roots and sand from each flask were plated out 
on yeast extract agar at the time of harvest to check for contamination. 
The fungus was present in the tubers produced by each of the eight plants. 
The remaining 368 plants that failed to produce tubers were not examined 
for the presence of the fungus. 

Tubers were produced on plants originating from excised sprouts 
placed on a sterile substrate. Eleven tubers from eleven plants were 
examined and the fungus was present in each tuber. 


DiscuSssION 


Fungi have been reported by various authors to form mycorrhizal 
associations with the roots of the potato plant (12). Bernard (2,4), 
Constantin and Magrou (8) and Magrou (13, 15) have studied this asso- 
ciation in detail. Non-specific endotrophic mycorrhizae were regularly 
associated with the roots of the potato plant and these authors believed that 
under normal conditions these fungi were associated with tuberization. The 
first report of a non-pathogenic fungus associated with potato tuber tissue 
was made by Cooper et al (7). The organism described by these authors, 
and which is the subject of this paper, is quite different in morphological 
and cultural characteristics from those previously described. 

The organism under investigation appeared as a naked strand of 
protoplasm. and was best observed in freehand sections which were treated 
with a minimum of chemical agents. In such preparations it was possible 
to follow the strands through a considerable depth of host tissue. Stains 
commonly used to study fungi did not reveal hyphal walls. The absence 
of hyphal walls made this fungus difficult to detect, as there was no stained 
wall material to serve as an identifying character or to maintain the 
protoplasmic material in its original form. What appeared in individual 
microtomed sections was not readily recognizable as a fungus, due to the 
lack of stained hyphal walls and the probable action on the protoplasm 
of the chemical agents used in the paraffin and staining procedures. 

The term fungus-like has been used in this presentation because of 
the lack of proof that what is being observed is in fact a fungus. Nuclei, 
cell walls and reproductive bodies were not observed. Neither was it 
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possible to isolate the fungus in pure culture independent of its host tissue. 
There was, however, considerable evidence that these structures were 
fungal hyphae: No structures of normal potato tissue which pass intercell- 
ularly and intracellularly through the tissue, and which appear as strands 
several hundred microns long have been previously described. Structures of 
this type were not present in the storage tissues of beet, carrot and sweet 
potato when examined under similar conditions. 

The fact that fungus-free tissue cultures were established which 
appeared not to differ from fungous-infected cultures in other respects, 
indicated that these fungus-like structures were not a part of the potato 
tissue. Also cultures free of the fungus were established by incubating 
infected cultures on media containing antibiotics. In other cases infected 
cultures treated with antibiotics appeared to have reduced amounts of the 
fungus suggesting fungicidal interactions between a microorganism and 
materials known to possess antibiotic properties. This evidence indicated 
that the structures are living organisms intimately associated with, but 
separate from the host tissue. Although conclusive proof is lacking to 
establish the fact that the structures present in tuber and culture tissue 
are fungal hyphae, the evidence strongly indicates that this is the case. 

The fungus persisted in cultures maintained through many monthly 
subcultures for a period of four years. This indicated that the fungus grew 
within the host tissue. If fungal growth did not take place, the amount of 
fungus originally introduced into the culture by the plant piece from which 
it was established would have been diluted by the fractionation of the 
cultures during transfers to a point where the fungus could no longer be 
readily observed. 

Fungi were previously reported growing in association with tissue 
cultures of other species. Morel (19) reported the growth of Plasmopara 
viticola (Berk. and Curt.) Berl. and DeT. on cultured grape tissue. Gall 
tissue induced by Gymnosporangium juniperi-virginianae Schw. also grew 
in tissue culture (10). The vegetative mycelia of these fungi grew within 
and over the surface of the culture pieces. 

The fungus in potato tissue cultures was not visible on the surface 
of the tissue culture piece. Hyphae were demonstrated microscopically in 
stained preparations to pass over the surface of the culture for a distance 
of 90 microns, and the fungus was most abundant in the non-meristematic 
regions near the surface of the culture. 

Tissue cultures have been used to aid in the isolation and study of 
fungi, bacteria and viruses. Attempts to isolate this fungus from potato 
tissue cultures have failed. Modifications of the culture medium might 
induce the growth of the fungus in culture. However, the tissue culture 
technique has made it possible to indirectly examine the stems, rhizomes 
and leaf petioles of potato plants for the presence of the mycelium. In 
their natural form these plant parts contain too many chloroplasts for 
accurate inspection of the tissue. 

Attempts were made to examine potato seed for the fungus using the 
freehand section technique. The hardness and small size of the seed 
prevented preparation of satisfactory seed sections. Evidence is available 
from three sources that indicates that this organism may be seed borne: 
1, the fungus was present in tubers produced by plants grown from true 
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seed under aseptic conditions; 2, the fungus was observed in tisse 
cultures derived from plants grown from true seed under aseptic conditions ; 
and 3, the fungus was present in tubers produced in culture from pieces 
of stem which had been removed from plants grown from true seed unde 
aseptic conditions. Eleven such stem pieces were placed on the culture 
medium and tissue cultures were established. Three of these stem pieces 
produced rudimentary leaves, rhizomes and small tubers before active 
proliferation of callus tissue began. 

In this study, and in the work reported by Cooper et al, a fungus 
mycelium was found present in every tuber examined. If this organism 
was not serving a purpose, if it were merely transient in the potato tissue, 
one would expect to find host tissue free of the fungus. Since this is not 
the case, it is possible that this organism may have entered into a symbiotic, 
mycorrhiza-like association with the host tissue. In the associations between 
fungi and potato roots reported by other authors, the potato was regarded 
as being dependent on the fungus while the fungus was thought to be 
relatively independent of the potato. It is evident that the organisms 
reported by previous workers to form associations with potato roots are 
quite different from the fungus reported here to be associated with the 
tubers. In this case the host tissue appears necessary to the fungus as 
attempts to separate the fungus from its host have failed ; and it is possible, 
because of the ever-presence of the fungus in tuber tissue under normal 
conditions, that the fungus is beneficial to the host tissue. 

Considerable progress has been made in obtaining differentiated plant 
tissues from callus cultures (17,23). Fungus-free and fungus-infected 
tissue cultures may, therefore, prove valuable tools to clarify this host- 
fungus relationship. 


SUMMARY 


1. A fungus-like structure was present in healthy tubers of Solanum 
tuberosum and 45 other Solanum species. 

2. The fungus was present in all tubers examined. 

3. <A similar fungus was present in tissue cultures derived from the 
tubers, stems, rhizomes and leaf petioles of Solanum tuberosum. 

4. Tissue cultures free of the fungus were produced. 

5. The fungus failed to grow on media commonly used to isolate 
microorganisms. 


6. The fungus was seed borne within surface sterilized potato seeds. 
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THE EFFECT OF GIBBERELIN COMPOUNDS 
ON THE SHAPE OF POTATO TUBERS' 


D. J. MacLeop? anp J. L. Howartt* 


Interesting changes in the growth habit (1. 2), flowering and fruit 
setting (4) and dormancy (3) of plants have been attributed to the class 
of growth-promoting substances known as gibberelins. The following note 
deals with an additional effect produced by this class of compounds on 
developing potato tubers. 

Fifteen Green Mountain plants grown under field conditions were chosen 
for this trial. The potatoes were planted May 22. The roots on one side 
only of each of 10 of these plants were partially bared on July 19 (when 
tuberization was just beginning) and stolon tips or terminal enlargements 
were brushed with potassium gibberelate (Gibrel, Merck) and gibberelic 
acid (Eh Lilly) respectively, each at a concentration of 20 p.p.m. At 
the same time the stolons of these plants were underlaid with paper 
toweling saturated with the two chemicals tested. The disturbed soil was 
immediately replaced. No evidence of wilting or any other abnormal 
reaction was observed following this treatment. In addition the vines were 
sprayed with approximately 0.5 and 1 liter of each of the chemicals on 
July 19 and 25, respectively. An examination of the plants on August 14 
revealed that those treated with the chemicals were taller than the untreated 
checks and showed no evidence of bloom. The untreated plants had a 
profusion of flowers. The trials were harvested on October 2, and the results 
obtained are shown in the following photograph. 

Referring to figure 1 it will be noted that all the potatoes produced 
on the plants treated with gibberelin compounds showed certain mal- 
formations, including elongated, spindled and dumbbell shaped tubers 
having numerous and shallow eyes with protruding brows. Noteworthy 
is the fact that most of these symptoms are characteristic of those generally 
associated with spindle tuber disease caused by a virus. According to 
the conditions of this test the yield of tubers was not affected adversely 
by the gibberelin compounds. 
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AMERICAN POTATO YEARBOOK 


Ficure 1.—Effect of gibberelin on tuber shape: Left, treated with potassium gibber- 
elate ; Center, untreated check; Right, treated with gibberellic acid. 


AMERICAN POTATO YEARBOOK 


The 1958 edition of the AMERICAN Potato YEARBOOK has just come 
off the press. The current volume contains 80 pages of vital information 
to the potato grower, shipper, jobber, agricultural teacher, research specialist 
and all others connected with potatoes in any way. 


A special feature is the illustrated article on Potato Washing and 
Waxing by Herbert Findlen, U. S. Department of Agriculture, East 
Grand Forks, Minn. Also of significant interest are two pages of complete 
figures on potato acreage, yield, production, farm disposition and utilization 
in the U. S. from 1919 to 1956. There is in addition a current list of 
recent references to potato culture in the U. S. and Canada, comprehensive 
information on United States Standards for Potatoes and complete details 
on leading potato producing areas. 


Other interesting items include rules and regulations affecting the 
shipment of seed potatoes, 1958 acreage guides, a list of leading United 
States and Canadian associations engaged in the improvement of potatoes, 
together with the names of United States and Canadian seed certification 
officials. The YEARBOOK also gives information on how and where to secure 
helpful brochures and leaflets covering all phases of the potato industry. 


The new volume again contains a wealth of statistical information. 
There are tabulations of both seed and table stock production as well as 
statistics on Canadian and world production. There is also an article on 
“Selling, Merchandising and Distributing Potatoes,” and a page devoted 
to “1957 Potato Highlights.” 

Copies of the YEARBOOK may be secured from the AMERICAN PoTATo 
YearBook, 8 Elm Street, Westfield, New Jersey. An individual copy sells 
for $2.00. A complete volume, 1950 - 1958, is available at $10. 
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POTASH AND BLACKSPOT 


Preliminary results of controlled potash tests on potato crops in 
California’s Kern County have been termed successful by University of 
California officials in charge of the program. 


Effects of potash applications to prevent a type of physiological leaf 
roll and blackspot or stem end bruising in potatoes has been under study 
by the University for some time. 


Dr. Oscar Lorenz, of the university, announced tentative results at 
a recent field day held near Bakersfield and attended by approximately 
100 representatives of the chemical fertilizer industry, potato farmers and 
university officials. 

Lorenz pointed out, however, the final evaluation would have to await 
harvesting and marketing of this year’s potato crop. 


Frank McGrane, agricultural chemicals sales manager for American 
Potash & Chemical Corporation, said the company was “highly encour- 
aged” by the results reported to date. 


“One of the subjects under study is potash ability to prevent spoilage 
during transit to eastern markets,” McGrane said. “Inasmuch as this may 
run as high as 30 per cent, it is extremely important that some way be 
found to cut it down. 


The problems of potato stem end blackening and physiological leaf 
roll are relatively new in this area. However, stem end blackening has 
been known for many years in Holland where heavy potash applications 
have corrected the problem. In some areas of the United States, potash 
has reduced but not eliminated the condition. Blackening occurs only in 
tissues of the stem end of tubers which have received bruising. It may 
occur only at the periphery of the tuber or may extend into the tuber 
for an inch or more. 


While the blackspot takes its toll after the crop is harvested, leaf roll 
goes hand-in-hand with lower crop yields. It is not yet known what the 
exact cause or nature of leaf roll is, but it is known that potato output 
drops considerably when this type of leaf roll exists. 


McGrane said a number of railroad cars of Kern County potatoes 
were rejected at eastern cities last season because of blackspot. He said 
tests to date indicate potash will cut down on this loss, as well as a type 
of physiological leaf roll, 


The current testing program in Kern County follows two-year tests 
made in the Santa Maria and Madera (Calif.) areas in 1955 and 1956 
to correct potash deficiency in crops. Blackspot in potatoes was a problem 
at Santa Maria, while general potash deficiency existed in both regions. 


Since the successful conclusion of these tests potash consumption has 
increased greatly in both areas, with a subsequent correcting of the con- 
dition, according to McGrane. 


REGISTRATION AND HOUSING APPLICATION 


THE 42ND ANNUAL MEETING 
THE POTATO ASSOCIATION OF AMERICA 
in conjunction with A.IL.B.S. 
INDIANA UNIveRsiTy, BLOOMINGTON 
August 25 - 27, 1958 
—Information on Housing and Meals—— 


RESIDENCE HALLS ACCOMMODATIONS will be available for single persons, couples, and 
families. Those staying three or four nights will be assigned on the American Plan. Those staying 
not more than two nights will be assigned on the European Plan, which will also be available 
for persons participating in the pre- and post- meeting activities. 

THE AMERICAN PLAN is a “package” plan of room and meals in an assigned dormitory. 
Rates are 6.00 per day, $18.00 minimum, for adults; $4.75 per day, $14.25 minimum, for children 
7 through 17; $2.85 per day, $8.55 minimum, for children under 7. The American Plan covers 
the period from dinner on August 24 through luncheon on August 28. Rooms must be vacated 
by afternoon of August 28. Persons on this plan may occupy their rooms on the night of 
August 23 at the American Plan rate of $2.25. Persons staying for the night of August 28 
or 29 will be moved to the European Plan housing center for these nights. 

THE EUROPEAN PLAN is for reoms without meals and will be available for pre- and post- 
meeting activities and for a maximum of two nights during the regular meetings. Rates are $2.50 
per person per night in a room with twin beds, $3.00 for a single room. Meals will be available 
im the Memorial Union as well as in local restaurants and hotels. Facilities are available for 
the storage of luggage without cost during the pre- and post-meeting periods. 

OTHER HOUSING ACCOMMODATIONS will be .vailable on the campus in the Campus Club 
(part of the Memorial Union), local hotels and motels, as well as other motels and the hotel 
and cabins in two state parks within a radius of twenty miles. Rates in the Campus Club are 
$4.50 for a single room, $5.50 with double bed, $7.50 with twin beds. All rooms are equipped 
with lavatories and are air-conditioned. Rates in the local hotels and motels compare favorably 
with those of similar quality in the Middle West generally. Campsites are available in the two 
state parks which are within twenty miles of the University. 

RESERVATIONS for all housing, except campsites in state parks, should be returned as soon 
as possible on the attached form. Do not send money with the pre-registration. Those wishing to 
share a room with a particular person or to be assigned with a particular group should so 
indicate on the reservation form. 

BANQUETS. The full price of banquets served on the campus will not exceed $3.00. Persons on 
the American Plan will be given a credit of 50 cents for breakfast or luncheon and 75 cents 
for on-campus banquets at the time the banquet tickets are purchased. 

ACKNOWLEDGMENT of each advance registration received before August 9 will be made on 


a form which should be presented on arrival when registration is completed. 


PRE-REGISTRATION IS ESSENTIAL TO PROPER ASSIGNMENT OF FACILITIES 


REGISTRATION AND HOUSING APPLICATION 


Name [] Male C) Female 
(First) ( Middle) (Surname) 0 Graduate Student 
“xpected time of arrival at 
Home Indiana University: 
(Street) (City) (State) 
Full names, sex, relationship of members, ages of children in party : (ileks and Mouss 
By train at Bloomington 
By plane at Bloomington 
By plane at Indianapolis 
(Limousine service avail- 
able to Bloomington) 
f By bus at Bloomington 
Professional Address 7 By car 
Jeparture from Bloomington: 
Title 
(Date & Hour) 
Institution C) Please make reservations 
for me in a University 
Society Membership: Resident Hall 
(1) I prefer housing in a 
Hotel CiCampus Club 
(2) Motel 
|] I will not require housing 
(3) Remarks : 
1 plan to attend the following society banquets 


I plan to take the following field trips 
(Applies to Graduate Students only) 
Signature of major professor 
Please print or type the above information and mail to: 
EDUCATIONAL CONFERENCE BUREAU 
Indiana Memorial Union 
Bloomington, Indiana 
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Harvest more No. 1 potatoes 
with these 
versatile Du Pont fungicides 


® You get higher yields of Number 1 pota- 

toes at lower spray cost with Du Pont 

PARZ ATE — “Parzate.” Easy to use, “Parzate” sim- 
plifies your disease control by stopping 

liquid nabam fungicide both early and late blights — even under 
the worst conditions. “Parzate” resists 

the sure, simple way washing off by rains, and can be used 


to control both under all weather conditions. And “Par- 
zate” won't stunt plants. It’s tough on 


blights of potatoes diseases, but mild on plants — allows 
maximum growth and yields. Its long 
record of success makes “Parzate” your 
most effective, reliable way to control 
potato diseases. 


HHH OHHH HHH HHH HHH HO 


Grower trials and research have shown 

e that “Manzate” gives highly effective 

M ANZATE — control of early and late blight of pota- 
toes. “Manzate” is a wettable powder that 

moaneb fungicide readily mixes with water for uniform 
sprays. It is compatible with commonly 

the newest fungicide used incecticides and mild on plants. This 
from Du Pont to control Year, on your potatoes, see the high 


’ degree of disease control you get with 
diseases of potatoes “Manzate”; try it on one field all season. 


on all chemicals, always follow label 
instructions and warnings carefully 


eat off 


BETTER THINGS FOR BETTER LIVING .. . THROUGH CHEMISTRY 


& 


COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


Representatives in principal foreign countries 


DiTHAne 1s a trade-mark, Reg. U.S. Pat. Off. and in principal foreign countries. 


DO TVOWEVS 
trust for early 
4 
Chemicals for Agriculture 
‘ 
i 


313 North lst 
Ann Arbor 


GUARD AGAINST POOR QUALITY KILLING YOUR 
Potato Market: ? 


COPPER Improves QUALITY 
QUALITY Increases PROFIT 


Practical experience through years of usage of 
TRI-BASIC COPPER and comparison with the 
newer organic fungicides has proven TRI- 
BASIC to be outstanding in UPGRADING 
POTATO PRODUCTION by providing 


%& LESS TUBER ROT. 

% FEWER PICK OUTS. 

% BETTER SHIPPING QUALITY. 

% HIGHER SOLIDS CONTENT. 

%& FEWER WATERY POTATOES. 

% BETTER CHIPPING STOCK. 

% INCREASED STORAGE 
ABILITY. 


THAT ISN'T ALL — LOOK at these other 
ADVANTAGES in using a COPPER FUNGICIDE. 


No residue tolerance restrictions. 


Longer application interval — provides added days 


@s spray or dust. 

Provides nutritional element COPPER —essential to 
plant growth and production. 


MR. GROWER — insist ON rri-sasic Copper — IT IS PLENTIFUL AND 


ECONOMICAL. Don’t be misled — Don’t take chances. INSURE SUCCESS THROUGH 
THE USE OF TENNESSEE’S TRI-BASIC COPPER SULFATE. 


see your deoter or TENNESSEE CORPORATION 


617-29 Grant Building, Atlanta, Georgia 


— 
: 
TRI- 
BASIC 


